In the course of phytochemical studies of medicinal plants from the Chinese traditional medicine, we have investigated Rubia wallichiana DECNE (Rubiaceae), a plant distributed widely in the Himalayan region and northeast India. In clinical biological experiments, plants of the genus Rubia showed antibacteria, anticancer, anticough and antiplatelet aggregation activities. They have also been used to enhance the number of leukocytes, and in the therapy of myocardial infraction.
8) Phytochemical studies previously performed on the genus, Rubia have led to the isolation of anthraquinones, naphthaquinones, naphthahydroquinones, cyclic hexapeptides, flavonoids, coumarins, iridoids, lignans, triterpenoids, and benzenoids. The present paper deals with the isolation, structural elucidation of three anthraquinones, besides thirtyone known compounds. The in vitro cytotoxicity of the quinonoids isolated was also assessed, taking into account that anthraquinones have been reported to exhibit strong antiproliferative properties on mammalian cells.
Results and Discussion
Dried and powdered stems of R. wallichiana were extracted with methanol. The residue obtained after evaporation of the solvent was fractionated with chloroform and water, followed by conventional purification procedures resulted in the isolation of thirty-four constituents, including three new anthraquinones.
Rubiawallin-A (1) was obtained as yellow needles, mp Ͼ280°C. The molecular ion peak at m/z 284.0688 in its high resolution electron impact (HR-EI)-MS was in accordance with the molecular formula C 16 H 12 O 5 , deduced also by 13 C-NMR and distortionless enhancement by polarization transfer (DEPT) analyses. The UV spectrum of 1 exhibited absorption maxima at 225, 270, 292 (sh) and 418 nm, suggested an anthraquinone as the basic structure, 9) 3 ) with H-3 inferred its attachment to C-7 or C-6 and C-2, respectively. The point of attachment of methoxyl group at C-6 was excluded by comparison of spectral data with those of 1-hydroxy-6-methoxy-2-methyl anthraquinone, 11) since they differed in chemical shift values of methoxyl and protons of A-ring. Thus, the structure 2 was assigned as rubiawallin-B.
Rubiawallin-C (3) was obtained as yellow needles, mp 136-137°C. Its HR-EI-MS spectrum with a molecular ion peak at m/z 282.0525 established the molecular formula C 16 H 10 O 5 . The 9,10-anthraquinone chromophore with a perihydroxyl group was evident from its UV absorption maxima at 252, 282 (sh), 327, 402 nm. IR spectrum displayed bands for chelated hydroxyl (3400 cm ϩ at m/z 222 in its EI-MS spectrum. The attachment of -COOCH 3 group to C-2 was determined by the downfield shift of H-3 to d 8.26 due to anisotropic effect of carboxyl group. All these assignments were strongly supported by the NOEs: H-5/H-6, H-6/H-7, H-7/H-8, H-4/H-3, and H-3/2Ј-CH 3 in NOESY spectrum. The above spectral analysis strongly supported the proposed structure 3 for rubiawallin-C.
In addition, 1-hydroxy-2-hydroxymethyl-3-methoxyanthraquinone (4), 12) alizarin-2-methylether (5), 13) lucidin (6), 14) lucidin primeveroside (7), 14) munjistin methyl ether (8), 15) nordamnacanthal (9), 16) purpurin (10), 16) rubiadin (11), 15) rubiadin primeveroside (12), 17) rubischumin-A (13), 18) xanthopurpurin (14), 15) 1-hydroxy-3-methoxy-2-methylanthraquinone (15), 19) 1,3-dimethoxy-2-hydroxyanthraquinone (16), 20) 1-hydroxy-2-methylanthraquinone (17), 21) 1-hydroxy-5-methoxy-2-methylanthraquinone (22), 22) 2-hydroxy-1-methoxyanthraquinone (23), 20) 1-hydroxy-3-methoxyanthraquinone (24), 13) 1,8-dihydroxy-2-methylanthraquinone (25), 13) 1,3-dihydroxy-2-methoxymethylanthraquinone (26), 15) scopoletin (27) , 23) 6,7-dimethoxycoumarin (28), 24) 7-hydroxy-6-methoxy-8-(3-methylbut-2-enyl)coumarin (29), 25) (ϩ)-medioresinol (30), 26) ursolic acid (31), 27 ) the mixture of b-sitosterol (32) and stigmasterol (33) , 28) and docosanoic acid (34) 29) were also isolated from the stems of R. wallchiana. They were identified by the comparison of their spectral data with those in literature.
Furthermore, the compounds isolated from R. wallchiana were screened for their in vitro cytotoxicity against human nasal pharynegeal carcinoma (KB), human hepatoma (Hepa-3B), human cervix epithelioid carcinoma (Hela) and human colon carcinoma (Colo-205) tumor cell lines, and doxorubicin was used as reference compound. The results (ED 50 values) of the cytotoxicity assay were summarized in Table 1 . All the tested anthraquinones showed different degrees of activity with, 4 being the most potent one against Hepa-3B and Colo-205 cell lines. On the other hand, 14 and 19 also exhibited marked cytotoxicity against Hepa-3B and Colo-205 cell lines. 10 and 14; and 13 and 18 are only moderately active against KB and Hepa-3B cell lines, respectively.
Experimental General Experimental Methods
Melting points were uncorrected. 1 Hand 13 C-NMR spectra were obtained on the Bruker AC-200, AMX-400 and Varian-400 Unity Plus NMR spectrometers, with tetramethylsilane (TMS) as internal standard. IR spectra were determined as KBr discs, and UV spectra were recorded in MeOH. EI and HR-EI-MS were measured with a 70 eV direct inlet system on a VG70-250S spectrometer. Optical rotations were recorded on a Jasco DIP-370 digital polarimeter.
Plant Material The stems of R. wallichiana used in this study were collected in Tibet, China Mainland, on July, 1996, and authenticated by Prof. C. S. Kuoh. A voucher specimen (TSWu 1996020) has been deposited at the Herbarium of National Cheng Kung University, Tainan, Taiwan.
Extraction and Separation The air-dried stems (4.2 kg) were cut into small pieces, extracted with MeOH (6 lϫ10), and concentrated to give a deep brown syrup (750 g). The crude extract was partitioned with H 2 O and CHCl 3 , successively. The CHCl 3 layer was concentrated in vacuo to leave a brown syrup. The residue was chromatographed on silica gel column and eluted with a gradient of C 6 H 6 and (CH 3 ) 2 CO to give ten fractions. Fraction 3 was rechromatographed with silica gel column using CHCl 3 -hexane (1 : 5) as an eluent to obtain 25 (4.4 mg), and 34 (2.6 mg). 
Biological Assay
The in vitro cytotoxicity assay against KB (nasal pharnegeal carcinoma), Hepa-3B (hepatoma), Hela (cervix carcinoma), and COLO-205 (colon carcinoma) tumor cells by the methylene blue dying method was based on reported procedures. [30] [31] [32] [33] The cells for bioassay were cultured in RPMI-1640 medium supplemented with a 5% CO 2 incubator at 37°C. In summary, the assay depends on binding the methylene blue to the fixed monolayer at pH 8.5 and, after washing the monolayer, releasing dye by lowering the pH. Entries and control standard agents were prepared at concentrations of 1, 10, 40, and 100 mg/ml. The detailed procedures of this experiment are in previous report. 33) Finally, the 96-well tray was dipped into a 0.01 M borated-buff solution four times for the removing the dye. Then, 100 ml/well ethanol-0.1 M HCl (1/1 v/v) was measured on a microtiter plate reader (Dynatech, MR 7000) at wavelength of 650 nm. As of the ED 50 value was defined during a comparison with the untreated cells at the concentration of test sample resulting in 50% reduction of absorbance.
